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An inhibition enzym e im munoassay was developed for
quantitation of (1®®®®® 3)-bbbbb -D-glucans in the indoor envi-
ronm ent. Im munospecific rabbit antibodies were pro-
duced by im m unization with bovine serum  album in-
conjugated lam inarin. The lam inarin calibration curve
ranged from  40 to 3000 ng/m l. Another (1®®®®® 3)-bbbbb -D-glu-
can (curdlan) showed a sim ilar inhibition curve, but was
less reactive on a weight basis. Pustulan, presum ed to
be (1®®®®® 6)-bbbbb -D-glucan, also showed im m unoreactivity in
the assay. Control experim ents indicated that this w as
due to (1®®®®® 3)-bbbbb -D-glucan structures. Other non-(1®®®®® 3)-
bbbbb -D-glucan polysaccharides did not react. (1®®®®® 3)-bbbbb -D-
glucan was detectable in dust from  a variety of occupa-
tional and environm ental settings. W e conclude that the
new assay offers a useful m ethod for indoor (1®®®®® 3)-bbbbb -D-
glucan exposure assessm ent.
Keywords: M old (1® 3)-b -D-glucan, organic dust, occu-
pational and home environment, im munoassay
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Introduction
Exposure to bio-aerosols in indoor environments can
induce toxic, inflammatory and allergic reactions, re-
sulting in respiratory symptoms. It has been suggest-
ed recently that (1® 3)-b -D-glucans contribute to bio-
aerosol-induced  inflam m atory  responses  and  the
resulting  respiratory  symptoms  and  complaints  [1±
4]. (1® 3)-b -D-glucans, which may originate from a
large variety of sources including molds, som e bac-
teria and most plants, can initiate a variety of immu-
nobiological responses in vertebrates [5±12].
At present, knowledge about airborne (1® 3)-b -D-
glucan exposure as a potential respiratory health haz-
ard is lim ited owing to a lack of generally available
methods  to m easure environmental  (1® 3)-b -D-glu-
can in field studies.
There  is  a  clear  need  for  an  improved,  specific,
sensitive and cost-efficient method to quantify (1® 3)-
b -D-glucans that can be used in large-scale environ-
mental  hygiene  and  epidem iological  studies.  Here,
we  describe  a  new  assay  that  m eets  these  require-
ments.  The  new  assay was applied on organic dust
sam ples  from   various  environm ents,  various  plant
materials and the culture fluid of yeast cultures.
Materials and methods
Glucans
The following glucans and related saccharides were
used in this study: laminarin,  b (1® 3)(1® 6)-glucan
[13,14];  CM -curdlan,  (1® 3)-b -D-glucan  [13,14];
pustulan, (1® 6)-b -D-glucan [23]; b (1® 6)(1® 3)-glu-
can [15]; dextran, (1® 6)(1® 3)(1® 4)(1® 2)-glucan
[13]; and mannan, (1® 2)(1® 3)(1® 6)-mannan. Lam-
inarin and pustulan were dissolved in H 2O at 120Ê C,
curdlan in 0.05 mol/l NaOH and dextran and mannan
in H2O.
Bovine serum albumin–laminarin conjugate for
immunization
(1® 3)-b -D-glucan (laminarin) was coupled to bovine
serum albumin for immunization purposes.  The im -
munoreactivity of (1® 6)-b -D-glucan structures pres-
ent  in  lam inarin  was  abolished  by  oxidation  with
0.25 mol/l NaIO 4. Conjugation of oxidized laminarin
to bovine serum  albumin  was perform ed  by  reduc-
tive amination [16]. The glucan±bovine serum albu-
min conjugate contained approxim ately 8%  (weight/
weight) carbohydrate.258         Mediators of Inflammation ￿ Vol 6 ￿ 1997
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Rabbit anti-(1® 3)-b -glucan antibodies
Rabbits were im m unized by subcutaneous injection
of  1 ml  glucan  conjugate  solution  (0.1  mg  protein/
ml). Specific antibodies were isolated from ammoni-
um sulphate-precipitated im m unoglobulins by affin-
ity chromatography using epoxy-activated Sepharose
on  which  (1® 3)-b -D-glucan  w as  coupled,  as  de-
scribed by Hutchins and Bussey  [17].
Inhibition enzyme immunoassay
Laminarin (2 m g/ml) in phosphate-buffered saline (pH
7.0)  was  coated  overnight  onto  each  well  (200  m l/
well) of a microtiter plate at 4Ê C. After washing, un-
reacted sites were blocked with 0.5%  gelatine. A test
sample (four dilutions) or laminarin standard (12 di-
lutions; 9.8 ng/ml to 20 m g/ml) was added (100 m l) in
a microwell and subsequently mixed with an equal
volume of affinity-purified anti-(1® 3)-b -D-glucan an-
tibodies diluted 1:75 000 and incubated for 1.5 h at
37Ê C. After washing, 200 m l peroxidase-labeled horse
antirabbit imm unoglobulin antibodies (1:5000) was
added and incubated for 1 h at 37Ê C. After washing,
200 m l  o-phenylenediam ine  (2 m g/m l)  containing
0.015%  H 2O 2 was added and incubated for 30 min at
20Ê C. The reaction was terminated with 50 m l 2  N HCl,
and the optical density was read at 492 nm . (1® 3)-
b -D-glucan  concentrations  were  calculated  using  a
four-param eter curve-fitting program .
(1® 3)-b -glucanase and NaIO4 treatment
Specific destruction of (1® 3)-b -D-glucan or (1® 6)-
b -D-glucan  conformational  structures  was  accom -
plished by treatm ent with specific (1® 3)-b -glucanase
(zym olyase 100T) [18] or 0.25 mol/l NaIO 4 [19], re-
spectively. Specific anti-(1® 6)-b -D-glucan rabbit an-
tibodies were used to confirm  the efficacy of NaIO 4
treatment and the specificity of the (1® 3)-b -gluca-
nase activity of zymolyase.  Anti-(1® 6)-b -D-glucan
antibodies were raised in rabbits as described by M on-
tijn et al. [19].
Plant samples
Extracts were made of cereals (wheat, barley and corn
flour),  soybeans,  tapioca  and  potato  using  two  ex-
traction procedures: heat and alkaline treatm ent. Each
product was suspended (1%  weight/volume) and ho-
mogenized  in  bidistilled  water with  0.05%   Tween-
20 and in 0.05 mol/l NaOH. The samples suspended
in bidistilled water with 0.05%  Tween-20 were auto-
claved at 120Ê C (1 bar) for 1 h. The samples suspend-
ed in 0.05 mol/l NaOH were rocked vigorously for
2 h. Sample suspensions were centrifuged at 1000 g
for 15 min and the supernatants stored at ±20Ê C.
Yeast samples
Cell-free yeast  culture media were tested,  in which
wild-type and various mutants of Saccharomyces cer-
evisiae strain FY384 had been cultured [20]. Yeasts
were grown at 28Ê C to the early exponential phase in
standard minimal m edium. Culture medium in which
no yeasts had been cultured was used as a control.
Environmental dust samples
Inhalable airborne dust-sam pling, both area and per-
sonal, was carried out  in two waste-composting fa-
cilities, and personal inhalable dust samples were col-
lected  from   pig  farm ers.  T he  inhalable  dust  was
collected  on  glass-fiber  filters  using  Personal  Air
Samplers sam pling heads (PAS-6; Agricultural Uni-
versity, Wageningen, the Netherlands) at a flow rate
of  2  liters/m in  [21].  Settled  dust  sam ples  from  the
floors of living  rooms,  bedrooms  and  kitchens  and
from mattresses were collected in a series of 25 Ger-
man homes on paper filters according to an interna-
tionally standardized protocol [22].
Airborne dust samples were extracted in 5 m l and
settled dust samples in 5±20 ml pyrogen-free water
with  0.05%  Tween-20  (» 10%   weight/volume).  The
extraction  procedure  applied  was  the  same  as  de-
scribed  for  heat  extraction  of  plant  samples.  After
extraction,  the  samples  were  centrifuged  at  1000 g
for 15 m in, and the supernatant was stored at ±20Ê C.
Results
Specificity of the inhibition enzyme immunoassay
Fig. 1 gives dose±response curves for two (1® 3)-b -
D-glucan preparations and various other polysaccha-
rides. The inhibition curve for laminarin ranged from
approxim ately 40 to 3000 ng/ml (15±85%  inhibition).
The other (1® 3)-b -D-glucan (curdlan) showed a par-
allel inhibition curve but was three to five times less
reactive on a weight basis. Of the other polysaccha-
rides tested, only pustulan, presumed to contain ex-
clusively (1® 6)-b -D-glucan [23], showed a parallel
dose±response curve at concentrations approximate-
ly ten times higher than laminarin. The other polysac-
charides  were  all  incapable  of  inhibiting  the  anti-
(1® 3)-b -D-glucan antibodies.
Control experiments with NaIO4 and (1® 3)-b -D-
glucanase  treatm ent  were  perform ed  to  determ ine
whether the inhibitory activity of pustulan was a re-
sult of the presence of b (1® 3)-glucosidic structures
in  that  preparation.  Zym olyase  ((1® 3)-b -D-gluca-
nase) alm ost completely abolished the inhibitory ac-
tivity  of  both  glucans  (Fig.  2a),  w hereas  periodate
treatm ent did not abolish the inhibitory capacity of
the preparations (Fig. 2b). Additional control experi-(1® 3)-b -D-glucans in the indoor environment
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FIG. 1. Inhibition–dilution curves of four different glucans and
mannan.  Laminarin  (closed  circles)  and  CM-curdlan  (open
squares) are both (1® 3)-b -glucans, pustulan (closed triangles)
is a (1® 6)-b -D-glucan contaminated with (1® 3)-b -glucan, dex-
tran (open diamonds) is an  a (1® 6)-glucan and mannan (crosses)
is polymannose. EIA, enzyme immunoassay; OD, optical density.
(n = 100) were calculated on the basis of the occupa-
tional  sam ples and the house dust samples,  respec-
tively.
(1® 3)-b -D-glucan in plant extracts
A ll  plant  extracts  tested  contained  m easurab le
am ounts  of  (1® 3)-b -D-glucan,  and  concentrations
ranged from 0.01%  (w/w) for potato to 0.7%  (w/w)
for barley. Differences between the results obtained
with  two  extraction  m ethods  (heat  versus  alkaline
extraction) were sm all and not system atic.
(1® 3)-b -D-glucan in yeast culture media
The (1® 3)-b -D-glucan levels in yeast culture media
were moderate, ranging betw een approximately 0.2
and 1 m g/ml, while no immunoreactivity was detect-
ed in the medium without yeast.
Exposure levels in various environments
Appreciable levels of (1® 3)-b -D-glucan w ere meas-
ured  in  two  occupational  environm ents,  previously
characterized as high bio-aerosol exposure environ-
ments (Table 1) [23,24]. House dust also contained
substantial amounts of (1® 3)-b -D-glucan (Table 2).
(1® 3)-b -D-glucan levels are expressed as geometric
means with geometric standard deviations, as the ex-
posure data in these environments are generally best
described  by  a  log-normal  distribution.  Concentra-
tions  below  the  detection  limit  were  considered  to
have a value of two-thirds of this limit [25].
Blank glass fiber filters did not contain detectable
levels of (1® 3)-b -D-glucan. However,  heat extracts
of blank paper filters used for house-dust  sam pling
contained significant amounts of (1® 3)-b -D-glucans
(188 m g, SD 39.3, n = 6). After correction, (1® 3)-b -
D-glucans remained detectable in all house-dust sam -
ples (Table 2).
Discussion
Two different linear (1® 3)-b -D-glucans (curdlan and
laminarin) reacted in the inhibition assay.  The anti-
bodies also reacted with pustulan, which is presumed
to  contain  only  b (1® 6)-glucan  [13].  How ever,  the
reactivity of pustulan, like that of laminarin, was re-
tained  after  NaIO 4  treatment,  w hereas  it  was  com-
pletely lost after treatment with (1® 3)-b -glucanase.
Similar  experiments  with  a  polyclonal  anti-(1® 6)-
b -D-glucan antiserum confirmed the specific (1® 3)-
b -glucanase activity of zym olyase and the complete
destruction of (1® 6)-b -D-glucan structures by NaIO 4
treatm ent. Consequently, we conclude that pustulan
m ents  with  (1® 6)-b - D-glucan  inhibition  enzym e
immunoassays confirmed that the periodate treatment
abolished the im munoreactivity of (1® 6)-b -D-glucan
structures, whereas zymolyase had no effect (Fig. 2c
and d).
Thus, the cross-reactivity observed with pustulan
in the (1® 3)-b -D-glucan enzyme im munoassay was
due to the presence of (1® 3)-b -D-glucan structures
in the preparation, and not to a lack of specificity of
the anti-(1® 3)-b -D-glucan antibodies.
Sensitivity and reproducibility of the inhibition
enzyme immunoassay
The detection lim it was set at 15%  inhibition, which
corresponded  to  40  ng/ml.  The  resulting  detection
lim its for airborne and settled dust were 200 ng/m
3
and 0.5 m g/g dust, respectively.
Dilution curves obtained with autoclaved (120Ê C)
extracts  of  the  environmental  sam ples  w ere  essen-
tially parallel to the calibration curve. The reproduc-
ibility of the inhibition enzyme immunoassay was de-
termined on detectable duplicate analyses of the en-
vironmental dust extracts and expressed as the coef-
ficient of variation. M ean coefficients of variation for
the  inhibition  assay   of  20 %   (n = 85)  and  27%260         Mediators of Inflammation ￿ Vol 6 ￿ 1997
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FIG. 2. Inhibition–dilution curves for untreated and zymolyase-treated laminarin and pustulan in (a) (1 ® 3)-b -D-glucan enzyme immu-
noassay (EIA) and (c) (1® 6)-b -D-glucan EIA, and for untreated and NaIO 4-treated laminarin and pustulan in (b) (1 ® 3)-b -D-glucan EIA
and (d) (1® 6)-b -D-glucan EIA. OD, optical density.(1® 3)-b -D-glucans in the indoor environment
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also  contains  (1® 3)-b -glucan  structures.  Since  all
other polysaccharides tested w ere not reactive in our
assay,  we  conclude  that  the  inhibition  enzyme  im-
munoassay specifically recognizes (1® 3)-b -D-glucan
epitopes. Preliminary results indicating reactivity with
yeast and plant glucans (see below), mainly consist-
ing of b (1® 3)(1® 6) and b (1® 3)(1® 4) linkages, re-
spectively,  suggest  that  both  linear  and  branched
(1® 3)-b -glucans are recognized in the inhibition as-
say.
Another method for measuring (1® 3)-b -D-glucans
with the use of a glucan-reactive preparation of Limu-
lus  am ebocyte  lysate  has  recently  been  described
[3,26].  This  test  is  very  sensitive  (1±10  pg/ml)  but
probably not highly specific, since it also reacts with
other glucans, and with very high concentrations of
other polysaccharides [14,27].
The use of a specific immunoassay that is also less
expensive m ay be advantageous in hygiene and epi-
demiological-effect  studies.
Thus far, discussions on the im munobiological ef-
fects of glucans have mainly focused on fungal glu-
cans. It is not clear whether plant glucans have sim i-
lar  properties.  Plant  glucans  such  as  laminarin  and
barley b -D-glucan also interact with the Limulus co-
agulation factor G [14]. This suggests that plant glu-
cans are also biologically active, and the detection of
Table 2. (1® 3)-b -glucan exposure measurements in house dust
(glucan detectable/total samples)
Sampling
location GM (m g/g) GSD Minimum Maximum
Living room (25/25) 1293 1.4 627 2915
Bedroom (25/25) 1286 1.7 408 3507
Kitchen (25/25) 1168 2.0 376 6540
Mattress (25/25)   757 1.7 182 1654
GM, geometric means; GSD, geometric standard deviations.
both plant and fungal (1® 3)-b -glucans in a (1® 3)-
b -glucan assay (described in this paper) may there-
fore be relevant.
Very high (1® 3)-b -D-glucan levels were found in
the  occupational and residential  dust samples  stud-
ied. Comparable concentrations (1 m g/m
3) have been
measured in an experim ental cotton cardroom using
a  glucan-reactive  Limulus  am ebocyte  lysate  assay
[28]. The high (1® 3)-b -glucan content in organic dust
of  both  occupational  and  residential  origins  (0.5±
20% ) suggests a large proportion of plant and/or fun-
gal material in that dust.  This seems plausible con-
sidering that (1® 3)-b -glucans occur as major struc-
tural cell-wall or storage components of many plants
and m icroorganisms, which are known to contribute
largely  to  the  content  of  most  organic  dust.  M ore-
over,  (1® 3)-b -D-glucans  are  likely  to  be  relatively
degradation-resistant in the environment, resulting in
a high carbohydrate content in organic dust.
In conclusion, the (1® 3)-b -D-glucan inhibition as-
say  described  here  offers  a  specific  and  sensitive
method for indoor (1® 3)-b -D-glucan exposure assess-
ment. The new assay is therefore expected to be use-
ful in epidemiological studies to investigate the rela-
tionship between (1® 3)-b -D-glucan exposure and res-
piratory health.
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